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INTRODUCTION
Early health problems identified in the fish processing industry include fatigue, stress, insomnia, digestive problems, and aches and pains. These health problems were associated with job satisfaction, physical environmental stressors and high work pace [1] . Since then, musculoskeletal disorders have been a top priority in the industry. The prevalence of sick leave due to disorders of the musculoskeletal system and the intention to leave the job due to musculoskeletal injuries were reportedly higher among the workers than the general population [2, 3] . Former employees were also reported to have suffered 3 to 7 times more musculoskeletal injuries than current employees and this was their reason for quitting the job [4] . Prevalence of neck, shoulder, elbow and hand disorders have also been reported as higher in workers of the fish processing industry than the general population [4, 5, 6] . Most recent studies have also identified the neck, shoulders, upper limbs and ankles as the most prevalent diseases in the industry [3, 4, 6, 7, 8, 9] . These disorders were mostly identified among female workers involved in work tasks-requiring forceful movements of the upper limbs-with repetitive movement of the arms and the hands. Other risk factors for musculoskeletal disorders identified in the industry included poor relationship with work mates, length of employment, gender, age, anthropometry, inadequate rest period, strenuous and awkward postures and manual material handling [1, 3, 4, 8, 10, 11, 12, 13, 14] .
Varieties of assessment methodologies have been used in the industry. This includes administration of a questionnaire [1, 4] or a laboratory-based study [15] , or a review of company and national data [3] , or the use of a checklist [8, 9] . A combination of methods (the use of a questionnaire and physical examination) has been used in some studies [2, 6] . Babski-Reeves and Crumpton-Young [16] and Babski-Reeves [17] used continuous exposure data to characterize the interaction of a variety of risk factors. Chiang et al. [5] also combined a structured interview, physical examination and job analysis. Job analysis allows detailed investigation of a task and thus identifies the risk element in the task. However, Chiang et al.'s study involved several different groups, which prevented detailed investigation of any particular task.
In this study, I concentrated on one particular group (fish trimmers) to allow detailed investigation of how workers interact with each element of the task. The overall aim was to use a combination of methods (task analysis, walk through observation, interviews, questionnaire administration and the Rapid Upper Limb Assessment) to describe the prevalence of musculoskeletal symptoms and also to describe how workers interact with each element of their task. This was necessary because in Ghana (as against similar studies in other countries) every aspect of the task performed by fish trimmers was done manually. The specific objectives include:
1. To describe the prevalence and pattern of musculoskeletal symptoms, 2. To identify the most prominent musculoskeletal symptoms, 3. To analysis posture(s) adopted in fish trimming, 4. To identify operation(s) presenting the highest risk, 5. To identify the most problematic posture(s), 6. To provide recommendation for improvement of fish trimming.
STUDY DESIGN AND METHODS

Study Participants
This descriptive study was carried out in a foodprocessing factory in Tema (an industrialized city in Ghana), which produces canned tuna. This industry had about 1,500 work force of which the majority were females. Although the female population was assigned to different tasks, the nature and characteristics of their tasks were similar. The study was limited to fish trimmers following the management's complaints about recent increases in absenteeism. The trimmers constituted about one third of the total work force but at the time of the study about 200 were present (for the rest some were either sick or on leave or absent for other reasons). Some of the results can be found in Quansah [18] . Fifty out of the 200 fish trimmers present at the time of the study participated in this study and successfully completed and submitted their questionnaires (response rate 100%). The mean height (range), mean age (range), mean weight (range) and mean length of service (range) of the participants were 159 ± 13.8 cm (140-185), 37 ± 12.5 years (20-48), 68 ± 13.9 kg (56-95), 7 ± 2.3 years (3-13) respectively. The level of education of the participants was as follows: middle school-19 (38%), form five/junior secondary school-19 (38%), and sixth form/ senior secondary school-12 (24 %). Participants on the average worked 48 ± 10.5 hrs/week (range: 45-51). All 50 participants worked 8 hrs a day including a half-hour lunch break. Supervisors selected 3 or 6 participants at a time to take part in the study when they believed their absence would not affect the work process.
Process and Task Description
Fish trimmers are made up of skinners and polishers. Trimming is done in teams with each team constituting one skinner and two polishers standing on either sides of a workbench facing one another. The task is monotonous, repetitive and performed in standing posture. There were about four benches in use at the time of the study (sometimes they use 5 or 6 benches) with each bench on average accomodating 50 fish trimmers. Each trimming team has a target of producing at least 60 trays (120 × 130 × 5 cm) of loins per day. To start with, fish carriers unload trays of fish (tuna) in front of the skinners (an unskinned fish weighs between 3 and 6 kg). The skinner picks up the fish and removes the scales, head pieces and fins. The skinner then passes on the skinned fish to a polisher on the opposite side of the bench. The polisher splits the fish, removes any remaining skin/scales, blood meat and cartilages. She puts the flakes from the fish into a flake tray and the remaining portion of the fish (i.e., the loins), into the loin tray on the bench. After each skinning or polishing, the trimmers push the waste ensuing from their activity into a waste conveyor belt under the bench, which carries the waste away.
Data Collection
Different techniques were used to collect data: questionnaires, a walk through observation, interviews and task analysis, posture evaluation and a future workshop.
Questionnaire administration
The prevalence of musculoskeletal symptoms was measured with a modified Nordic Questionnaire [19] . Psychological demand on the job, job control, supervisor and co-worker support were also investigated with the Job Content Questionnaire [20, 21] . Sets of questions were included to collect employment and personal data. The questionnaires were despatched to participants in a conference room after the purpose of the study had been explained to them. Each subject who finished her questionnaire was asked to write her name, her job title and the section she worked in, which was to eliminate double participation (because it was noticed that workers from other section/departments wanting to take a break could take part in the exercise). This allowed elimination of a questionnaire of one worker from another department, who took part in the exercise. On average, it took the participants 10 min to complete the questionnaire.
Walk through observation, interview and task analysis
A walk through observation was carried out after permission had been sought from the management. This was followed with an interview with a supervisor and a worker to understand the work process, operations involved in the task, and to study various working techniques adopted by the workers. Hierarchical task analysis [22] was developed to identify various operations involved in the task performed by the participants (results not published here, see Quansah [18] ). The result was later discussed with supervisors and workers to ensure inclusion of all relevant operations. Eleven operations were identified for skinners and 12 for polishers for posture analysis (Tables  5 and 6 ).
Posture evaluation
The names provided on the questionnaires by participants (see section 2.3.1.) were used to randomly select 20 trimmers from the 50 who had answered the questionnaire. The personal data of those 20 did not differ much from those of the 50 (p < .05). The personal details of the 20 participants were as follows: mean height (range), mean age (range), mean weight (range) and mean length of service (range) of fish trimmers were 150 ± 11.5 cm (140-187), 35 ± 10.1 years (26-48), 60 ± 11.2 kg (55-89), 6 ± 2.5 years (4-10) respectively.
As participants went about their daily routine work, their postures were recorded with the Rapid Upper Limb Assessment (RULA) [23] . The postures of each participant was recorded either twice or once in the morning (between 7.30 and 9.30 a.m.) and twice or once in the afternoon after the lunch break (between 1.30 and 4.00 p.m.) when they were busy and were not aware that their postures were recorded. Thirty-three postures were recorded for skinners and 35 for polishers. However, consideration was given only to postures with posture codes appearing more than once (they were assumed to be held for the longest time or by most subjects) and those with higher codes (they were assumed to be the postures where the highest load was likely to occur). The postures of the polishers and skinners were reduced to 21 each.
Statistical Analysis
All categorical answers of participants were entered into MS-Excel with encoded numerical values. Means and standard deviations were used to describe the demographic data such as age, level of education and marital status. The Pearson chi-square was used to indicate the differences in musculoskeletal symptoms by demographic details with the significance level at p = .05. The Pearson correlation was also used to investigate the relationship between participants' personal profile and musculoskeletal symptoms and the psychosocial work factors. The Pearson correlation was further used to investigate the association between the psychosocial work factors and musculoskeletal symptoms. Data analyses were performed with the SPSS version 10.0.1 software.
RESULTS AND DISCUSSIONS
This study shows that fish trimming is evidently a risk factor for musculoskeletal symptoms as reported in earlier studies [6, 7] . Absence from work due to musculoskeletal discomforts was prevalent, especially for the neck and shoulder regions (Table 1) . However, little attention or none at all seemed to be paid by the management about this problem. This is because musculoskeletal disorders are not yet on the occupational disease list of managements. Moreover, the management and workers seem not to acknowledge the workrelatedness of musculoskeletal symptoms.
Musculoskeletal symptoms were prevalent in the neck, the shoulders, the low back, the wrists/ hands, and ankles/feet regions (Table 1) .
Musculoskeletal symptoms in the low back, the knees and the ankles (Table 1) were due to prolonged standing (for 7½ hrs/day) with little or no rest and repetitive flexion of the back (Tables  5 and 6 ). Prolonged standing either restricts blood flow in the lower limbs or results in spinal loading of the low back. This confirms previous evidence that work tasks that predispose workers to stand for 25-50% of the working day (8 hrs) may lead to disorders of the low back, feet and legs [24, 25, 26, 27, 28] . Workbenches were also congested and allowed no opportunity for workers to alter their postures.
Prevalence of the neck and shoulder discomforts confirms previous Scandinavian and Taiwanese reports among similar work groups [2, 5, 6] . The causes of the pains and aches of the neck and shoulders in this study were due to inappropriate working height causing cramped, hunched shoulders. The work task was also such that workers had to extend their arms repeatedly to sustain 2 or 6 kg of fish with their arms maintained statically at an angle of about 45 o from the vertical.
Such postures could create a long lasting load on the glenohumeral joint leading to muscle fatigue, pains and aches in the neck and shoulder regions [29, 30] . Neck side bending was also predominant in operations that lasted longer (Tables 5 and 6 ). Neck flexion (20 o ) observed in this study was also greater than reported in a Swedish study [6] . High prevalence of musculoskeletal symptoms in the wrists/hands confirms previous evidence that these kinds of symptoms were common in work tasks requiring fast and repetitive movement of the hands [2] . A walking through observation also showed that workers gathered waste (from skinning/polishing activities) on the bench and pushed it into holes with ulna or radially deviated wrists. Such wrist postures could also account for the disorders in the wrists [30] . It was also observed that participants exerted higher force on the knife to split fish (especially big fish) even with deviated wrist postures. Job tasks with high force components and deviated wrists have also been reported to cause disorders in the wrists [16, 31] .
Except for disorders in the neck, shoulders and ankles/feet, musculoskeletal symptoms in the past 3 months were significantly higher (p < .05) among the lower age group (Table 2 ). This was in contrast to other studies [2, 6] . The reason is that the company in this study had a promotion scheme where workers who became older on the job were promoted to the status of table heads (overseeing fish trimming). Thus, such workers were not actively involved in fish trimming and were not exposed to the same level of load as young adult workers. The hectic nature of the task also suggests that some older workers could retire early to concentrate on income generating activities at home, leaving behind the young adult worker's "healthy worker effect". observation was noted in this study, which was significantly higher (p < .05) for most body regions (Table 3) . It is suggested in this study that the high level of ignorance, poor working techniques, and lack of training among the workers may have aggravate their vulnerability to injuries as workers on the average had been involved in these tasks for 7 ± 2.3 years. Studies elsewhere among similar groups have suggested high musculoskeletal symptoms among workers who have suffered long exposure following long years of service [2, 5] . A similar Musculoskeletal symptoms were significantly higher (p < .05) among married than single workers (Table 4 ). This observation can be explained by the fact that married workers have several non-occupational responsibilities such as cleaning/washing, taking care of husbands and children, etc., which exposes them to several and more ergonomic stressors than their counterparts. In this study, single workers tended to have fewer children (1 or 2) who attended high schools (results published elsewhere, see Quansah [18] ). Single workers were also reluctant to bear more children for fear of work overload at home. However, the situation was different among married workers, as most were willing to have more than 3 children with the view that at least one may become successful in life in the future. Several aspects of workplace design and work conditions were noted as exacerbating factors for musculoskeletal symptoms: the low height of workstations meant tall workers adopted postures with severe neck and back flexion, likely to contribute to neck, shoulder and low back pains. Workers also worked in the cold with little protection and in a noisy environment with no ear protectors, which could be a hazard for pains and disorders of the upper limbs. Poor lightning conditions may also result in adopting constrained neck postures for the performance of many jobs. Nordander et al. [2] reported a poor relationship with supervisors. However in this study a high psychological demand on the job and low control over the job were noted (Figure 1) .
TABLE 2. Prevalence of Musculoskeletal
No statistically significant correlation was found between musculoskeletal symptoms and age, average working hours/week, marital status and length of service on the one hand and these factors and the psychosocial work factors on the other (p < 05). Neither was there any significant correlation established between musculoskeletal symptoms and psychosocial work factors (p < .05).
Of the 11 operations identified with skinning, only one was considered not to require a redesign measure (i.e., skinning fish on the bench) ( Table 5 ). For the remaining redesign measures were very necessary. Among polishers, only two operations did not require redesign measures (i.e., splitting skinned fish and removal of blood meat) ( Table 6) .
High risk postures such as neck flexion and neck side bending, abducted arms, repetitive reaching forward, shoulder elevation, wrist deviation, torso flexion and working below or above waist level were common. Many of these high risk postures were due to the design of the workplace and workplace layout. In most cases, tall and short workers adjusted to the workbenches by either flexing their back or adopting a combination of awkward postures to perform the task. Adoption of these awkward postures is suggested to be exacerbated by the high pace of the work following the high daily target of 60 trays of loins and poor lightning conditions. Some workers also complained of suffering severe body pains following prolonged standing. The method applied in this study is appropriate for any industrial setting. It is not only relevant in increasing an understanding of how the tasks interact with workers, but also in promoting ergonomic knowledge at the workplace. Following the company's policy, which forbids the use of any photographic material on the production floor, pen and paper for the posture analysis was preferred to video technique in this study. The observer being aware of potential observer errors, carefully followed subjects and recorded their postures when they were busy with their work and were not aware that their postures were recorded. Thus, it could be argued that observation bias was reduced to the barest minimum.
One source of error inherent in this study, which goes with modern complex production environments, was selection bias: (a) the subjects selected by supervisors might have represented those who were less likely to report unfavourable work situation, and (b) knowledge among subjects that the management knew about their participation in the study may have also influenced their objectivity regarding their answers to the questionnaire. Also the use of pen and paper may have allowed fast postures to be overlooked. However, it could be argued that the observer being aware of this carefully followed the operations. Thus, it could be said that most postures adopted for the greater part of the time were captured.
CONCLUSIONS AND RECOMMENDATIONS
The results of this study show that fish trimming created high postural load on workers' musculoskeletal systems, particularly in the neck, the shoulders, the low back, the wrists/hands, and the ankles/feet. Poor working postures were related to a poor design of the work place, poor working techniques, lack of training, ignorance and lack of supervision. Major ergonomic intervention is thus necessary to improve the work conditions, work place and the task. This may require active work place participation. Some feasible improvements in the working condition were recommended:
• Decongesting work benches to allow free mobility and to provide space for the loin trays on the work bench instead of the pallet on the bench.
• Provision of an adjustable platform to accommodate all categories of workers (both tall and short).
• Workers should be trained on appropriate and safe working methods and techniques.
• Provision of an adjustable sit/stand stool with foot rest to provide support for workers' weight but still to keep them in an appropriate position to perform the task.
• Provision of standard rubber mats to reduce aches in the lower limbs.
• Introduction of micropauses during work to allow muscles to recuperate.
• Provision of arm support for workers during skinning/polishing.
